Radiation induced grafting of viscose rayon fabrics, consisting mainly of cellulose fibers, with some acrylic acid derivatives, namely methyl acrylate, acrylamide and acrylonitrile, and also styrene, has been studied. The resultant graft yields have been determined as a function of the applied different experimental parameters. The impact of the graft yields on the physicochemical properties of viscose rayon fabrics such as swelling, moisture absorption, tensile strength, elongation at break, crease recovery angle and also dyeing ability of the grafted fabrics, has been also studied.
Introduction
Radiation induced grafting of vinyl monomers has been successfully applied to modify the chemical and/or physical properties of polymers or textile fibers [1] [2] . Properties that can be introduced into the fibers by radiation grafting involve enhancement of dyeing ability and resistance to the effect of oil, water, dirt and microorganisms [3] .
It has been reported that one of the major drawbacks of viscose rayon is its poor strength and low resistance to weathering and these drawbacks can be overcome by suitably modifying viscose rayon by grafting with some monomers [4] . In general modification of the properties of textile fibers could lead to products of desirable properties technically or economically. For example Nylon-6 fabric grafted with acrylamide showed a significant increase in hydrophilic properties in terms of moisture regain and water absorption as well as good dye affinity for selected dye stuffs [5] . Radiation induced grafting of acrylic acid onto nylon-6 gave fibers with better dyeing ability [6] . Moreover, radiation induced grafting of vinyl pyrrolydone onto nylon-6 produced fibers with higher moisture absorption and better tensile properties [7] . In a previous publication, radiation induced grafting of viscose rayon fabrics with acrylic acid has been carried out. The impact of the graft yield on the physical or chemical properties of the fabrics has been also studied [8] .
In the present work, radiation induced grafting of viscose rayon fabric samples with methyl acrylate, acrylamide, acrylonitrile or styrene, used as monomers under different experimental conditions, has been carried out in order to determine the agreeable grafting conditions. The changes occurring in the physicochemical properties of the grafted viscose rayon fabrics were also investigated. 
Experimental Procedures
The factors affecting the radiation induced graft yields of different monomers on to viscose rayon fabric samples were studied in detail. Viscose rayon fabric samples were dipped in a liquid phase consisting of a certain amount of the used monomer in two different solvent systems and then were subjected to certain doses of gamma radiation. Detailed sample preparation procedures, gamma irradiation conditions, treatment of irradiated samples and determination of graft yield (%) were the same as described in detail in a previous publication [8] .
The changes occurring in some physicochemical properties, of the viscose rayon fabric samples grafted with different monomers, namely, moisture absorption, swelling, crease tensile strength and elongation at break recovery angle, as well as dye uptake and were followed, on increasing the graft yields on the modified viscose rayon samples. On using methyl acrylate monomer the best graft yield was obtained on using 50% methanol in water as could be observed in Figure 1 , while on using DMF/ water solvent mixture, extensive homopolymer formation occured as the percent water was increased up to 50% water, as could be observed in Figure 2 . Good graft yields were obtained on increasing the water per cent above 50%.
Results and Discussions

Graft Yields of Different Monomers onto
In case of Acrylamide the graft yield (%) slightly decreased until 30% water, in both solvents was used, and the graft yield remained afterwards almost unchanged on increasing the water content in solvent used, as could be observed from the data shown in Figure 3 and Figure 4 .
On using acrylonitrile monomer, in both solvent systems, the maximum graft yields of acrylonitrile onto viscose rayon were observed on using 30% -40% water in solvent and remained after that almost the same on increasing the water content in the solvent, as could be observed in Figure 5 .
In case of styrene monomer the best graft yields were obtained at methanol concentration 80% in benzene/methanol solvent as could be observed in the data shown in Figure 6 . 
Effect of Monomer Concentration
On using mehyl acrylate monomer, the best graft yields (%) of methyl acrylate onto viscose rayon, using two solvent systems, were obtained at monomer concentrations greater than 7% as could be observed in Figure 7 .
On using acrylamide, good graft yields (about 15%) were obtained on using 12% of monomer in methanol/water solvent mixture and on using about 15% monomer in DMF/water mixture, as could be observed in Figure 8 .
In case of acrylonitrile monomer, the change of the graft yield on using different monomer concentrations, in the two solvent systems, is shown in Figure   9 . Thus, on using 10% -15% monomer in the solvent system, good grafting yields were obtained with low homopolymer formation. Higher homopolymer formation occurred on using higher monomer concentrations.
On using styrene monomer in grafting with viscose rayon in benzene/methanol solvent system (20:80), it could be observed that good grafting yields were obtained on using 10% -12% monomer concentration, as shown in Figure 10 . 
Effect of Irradiation Dose
On using methyl acrylate monomer the best graft yields were obtained at doses less than 1 kGy on using methanol-water solvent system (40:60) and 10% monomer concentration, as shown in Figure 11 . On using DMF-water solvent system the best graft yields were obtained on using 7% monomer and about 3 kGys irradiation dose as could be observed in Figure 12 .
On using acrylamide monomer, with the two solvents used, the best graft yields were obtained at irradiation doses greater than 7 kGys as shown in Figure   13 .
In case of using acrylonitrile monomer, in both solvent systems, the best graft yields were obtained at irradiation doses greater than 8 kGys as could be observed from the data shown in Figure 14 . Using higher irradiation doses did not significantly increase the graft yield.
On using styrene as monomer in benzene-methanol solvent system, the graft yields were found to increase linearly with irradiation dose up to 20 kGys, as could be observed in Figure 15 . The gamma irradiation dose used was preferred to be 16 kGy in order to reduce homopolymer formation.
From the foregoing results it was possible to choose the conditions that could be applied to prepare viscose rayon fabrics containing increasing graft yield.
Thus, viscose rayon fabric samples in solvent system that can give the best graft yields together with 10% -15% of monomer were subjected to increasing gamma irradiation doses. The physicochemical properties of the grafted samples were then determined. It could be observed both tensile strength and elongation at break values determined for the grafted samples decrease as the graft yields were increased up to 10% then remained almost the same as the graft yield was further increased.
Changes in the Physicochemical Properties of the Grafted Viscose Rayon Fabrics with Different Monomers as a Function of the Graft Yields (%)
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Tensile Strength and Elongation
These results show that the tenacity of the viscose rayon fabrics increased with grafting.
Dyeing Ability of Grafted Viscose Rayon Fabric Samples
In the present work, three types of dyes, a disperse dye; a direct dye and a basic dye were used with viscose rayon fabric samples grafted with acrylic acid derivatives and also with styrene. The change of the color strength of the grafted samples, due to dye uptake, with the corresponding graft yields has been studied.
Thus, on using a disperse dye with viscose rayon fabrics, grafted with methyl acrylate, the color strength of the dyed samples was rather low until the graft yield was about 7% then the color strength markedly increased on increasing the graft yields, as shown in Figure 24 ,a. In case of samples grafted with acrylamide or acrylonitrile no marked improvement in the dyeing ability was observed on increasing the graft yields, as could be observed in Figures 25,a and Figure 26 ,a.
On the other hand, in case of viscose rayon fabrics grafted with styrene the color strength of the grafted samples markedly increased as the graft yield was increased (Figure 27,a) . On using the direct dye with viscose rayon fabrics grafted with methyl acrylate, acrylamide, acrylonitrile or styrene, the color strength of viscose rayon samples slightly increased on gradually increasing the graft yields up to about 10% and after that remained rather stable (Figures 24-27,b) .
On using the basic dye with viscose rayon fabrics grafted with methyl acrylate, the color strength of the grafted samples was greatly improved on increasing the graft yields (Figure 24,c) . In case of samples grafted with acrylamide the color strength of the dyed samples remained unaffected as the graft yields were increased (Figure 25,c) . On using acrylonitrile monomer, the color strength of the grafted samples was almost doubled on increasing the graft yield to 10% and then remained the same as the graft yields was further increased (Figure 26,c) .
Grafting of viscose rayon fabrics with styrene greatly improved the dyeing ability of the grafted samples as could be observed in Figure 27 ,c. 
Crease Recovery Angle
The crease recovery angle of viscose rayon fabrics grafted with methyl acrylate or acrylamide was measured for different samples and plotted against the corresponding grafting yields.
On using methyl acrylate or acrylamide in grafting to viscose rayon fabrics, the crease recovery angle significantly increased on increasing the graft yields up to about 3% then remained almost constant on further increasing the graft yields (Figure 28, Figure 29 ).
On using acrylonitrile the crease recovery angle showed a marked tendency to increase as the graft yield was increased, as could be observed in Figure 30 . In case of viscose rayon fabrics grafted with styrene the crease recovery angle of the grafted samples was found to change sporadically around the value recorded for ungrafted samples (Figure 31 ). 
Conclusions
1) Grafting of viscose rayon fabric samples with acrylic acid derivatives did not lead to marked changes in moisture absorption or swelling on increasing the graft yields on the grafted fabrics. On grafting with styrene a marked decrease in moisture absorption and swelling of the grafted samples was observed on increasing the graft yields.
2) The tensile strength and elongation at break of viscose rayon grafted samples with methyl acrylate, acrylamide, acrylonitrile or styrene were found to decrease gradually with graft yields until the graft yield became 10% then remained afterwards the same at higher graft yields.
3) Much better color strength was observed in case of viscose rayon fabric grafted with methyl acrylate or styrene, dyed with the basic dye as well as in case of styrene grafted viscose rayon, dyed with the disperse dye.
The color strength of acrylonitrile or styrene grafted fabrics , dyed with the direct dye was found to improve markedly after the graft yield of acrylonitrile or styrene onto viscose rayon was about 10%.
On dyeing viscose rayon fabric grafted with acrylamide and using the disperse, direct or basic dye, no improvement was observed in the dyeing ability of the grafted fabric with these dyes. The same applies in case of viscose rayon grafted fibers with methyl acrylate on using the disperse or direct dye. In case of viscose rayon grafted with acrylonitrile, very limited changes of the color strength of the grafted samples occurred on dying with the basic or disperse dye. 4) Crease recovery angle was improved significantly on grafting viscose rayon with methyl acrylate or acrylamide even at low grafting yields. In case of acrylonitrile the crease recovery angle was improved at higher grafting yield i.e. more than about 10%, In case of grafting with styrene the crease recovery angle sporadically changed around a value that is twice the crease recovery angle of ungrafted samples.
